The effect of Fe doping ͑Ͻ20%͒ on the Mn site in the ferromagnetic ͑xϭ0.37͒ and the antiferromagnetic ͑xϭ0.53͒ phases of La 1Ϫx Ca x MnO 3 has been studied. The same ionic radii of Fe 3ϩ and Mn 3ϩ cause no structure change in either series, yet conduction and ferromagnetism have been consistently suppressed by Fe doping. Colossal magnetoresistance has been shifted to lower temperatures, and in some cases enhanced by Fe doping. Doping with Fe bypasses the usually dominant lattice effects, but depopulates the hopping electrons and thus weakens the double exchange. ͓S0163-1829͑96͒09545-8͔
Recently, perovskite-based oxides have been the subjects of intense research efforts. 1 They exhibit a variety of transport and magnetic properties that sensitively depend on the stoichiometry and structure of the materials. Most of the attention to date has been focused on doping the parent compound of LaMnO 3 with divalent alkaline earths ͑e.g., Ca, Ba, Sr͒, such as the prototype materials of La 1Ϫx Ca x MnO 3 , which exhibit a very rich phase diagram. 2 At low Ca doping ͑xϽ0.2͒, the materials are ferromagnetic ͑FM͒ insulators, whereas at high Ca doping ͑xϾ0.5͒, the materials become antiferromagnetic ͑AF͒ insulators. In the intermediate doping range of 0.2ϽxϽ0.5, one observes both FM and metallic behavior, which leads to colossal magnetoresistance 1 ͑CMR͒ near the onset of FM ordering. Interestingly, in the AF insulating phase ͑xϷ0.5͒, CMR with a large magnitude has also been observed. 3 The observation of CMR has generated a surge of interest in these materials, which are often referred to as the CMR materials. Double exchange 4 ͑DE͒ has been featured prominently in the discussion of the fascinating properties of the CMR materials. Doping the insulating LaMnO 3 , due to the doping, enables the e g electron of a Mn 3ϩ ion to hop to the neighboring Mn 4ϩ ion via DE, which mediates ferromagnetism and conduction. The DE, and consequently, the physical properties of these materials, are particularly susceptible to the lattice effects brought on by doping. Very strong lattice effects have been realized when the La ions are partially replaced by trivalent or divalent ions of different size. Any deviation from the ideal cubic perovskite structure can lead to either a reduction in the Mn-O-Mn bond angle from 180°, or a change in the bond length, both directly affecting the DE.
To date, much of the exploration of the CMR materials has been done through doping of the La sites, which brings about lattice effects, and ultimately influences the DE. However, far fewer studies have been conducted in doping the Mn sites, which are at the heart of the DE. Figs. 1͑a͒ and 1͑b͒ , respectively. The undoped sample undergoes a paramagnetic ͑PM͒ to FM transition at T c Ϸ260 K, accompanied by a simultaneous insulator-tometal transition, consistent with the results reported previously. 2 As Fe is doped into the sample, both T c and M are systematically lowered ͓Fig. 1͑a͔͒. The value of T c is suppressed to about 170 K for the sample with yϭ0.08, further lowered to 60 K for yϭ0.12, and to 40 K for yϭ0.18. The sample resistivity , on the other hand, increases with Fe doping, as shown in Fig. 1͑b͒ . In every case, a peak in , characteristic of a metal-insulator transition, occurs near T c . Fig. 2͑b͒ . All samples are insulating in nature at all temperatures, even under a 5 T field, while the magnetization has a rich temperature dependence as shown in Fig. 2͑a͒ . The temperature dependence of for various samples is qualitatively similar. The resistivity increases with decreasing temperature, leveling off at 60 K. Although Fe doping generally increases the resistivity, the initial Fe doping ͑yϭ0.09͒ actually lowers . As for the magnetoresistance, the undoped ͑yϭ0͒ and the lightly doped ͑y ϭ0.09͒ samples show negative MR by as much as two orders of magnitude at low temperatures. As the doping is further increased ͑yϭ0.13 and yϭ0.19͒, there is virtually no MR.
Magnetic hysteresis loops with field up to 5 T have been measured at 5 K for all samples. The magnetizations, normalized to the value at 5 T, are shown in Fig. 3 . can no longer effectively participate in the double exchange process. The mechanism that Fe 3ϩ terminates the double exchange process arises purely from the electronic structure of the materials as we describe in the following.
In perovskite oxides, the , respectively. In a solid, these states form bands. For these ions, the t 2g↑ bands are fully occupied, the t 2g↓ and e g↓ bands are empty, and the e g↑ bands, which can accommodate a maximum of two electrons per ion, play a crucial role. In a mixed system of Fe and Mn, the widths and energies of their e g↑ bands dictate the electron distribution of the Fe and Mn ions. for a slight overlap ͑less than 3%͒ between the two, as shown in Fig. 4͑a͒ . The width of the Mn e g↑ band has been estimated to be about 1 eV. 9 Assuming uniform filling for simplicity, and that the overlapped width of the Fe and Mn e g↑ bands is 3%, the Fermi surface would lie at [(1ϪxϪy)/ 2(1Ϫy)Ϫ0.03] eV above the top of the Fe e g↑ band. Using the composition values of x and y for our series, the Fermi surface will lie 0.14 to 0.29 eV above the top of the Fe e g↑ band, as shown in Fig. 4͑b͒ 
